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RESEARCH MEMORANDUM 

TRE EFFECT OF SWEEPBACK ON THE LONGITUDINAL CBARACTERISTICS 

AT A WCH NUMBEX OF 1-24 OF A -- 
30 

SCAIIE SEMISPAN 

MODEL OF THE BELL X-5 AIRPLANE FROM TESTS 

BY THE NACA WING-FLOW METEOD 

By Garland J. Morris,  Robert M. Kennedy, and . .  
Norman S. Silsby 

Tests were made at  a Mach nuhe r  of 1.24 by the NACA wing-flow 
method t o  determine the  effect  of meepback on the  longitudinal  charac- 
t e r i a t i c s  of a A -scale semispan model of the  Bell X-5 airplane  with 

I 

30 - wings i n  the 40° and 50° sweptback positions and with  a tail incidence 
of -6O. The characteristics of  the  fugelage  alone were a l so  deter- 
mined. L i f t ,  drag, and pitching moments were obtained  for  varioue 
angles of attack a t  a Mach  number of 1.24. The Reynolds numbers of 
the   tes ts  were 1 x 10 6 55 percent and 0.85 x lo6 26 percent  based on 
the mean aerodynamfc chorde of the 50° and 40° wings, respectively. 
A comparison ie made with  the  results of a previous test of the model 
with a 60' sweptback wing and tail incidence of -6'. 

The resul ts  of  the t e s t s  of the model  (when considered 8,s a 
variable-sweep  configuration)  indicated that as the syeepback angle 
was increased f r o m  bo t o  50°, the drag coefficient was reduced  about 
0.01 a t  zero l i f t .  With further  increase  in  aweepback'to 60°, tb 
reduction  in  drag  coefficient was &I percent of that obtained between 
400 t o  500.  he 600 configuration had the lowest  drag up t o  a l i f t  
coefficient of nearly 0 .5 . '  A t  higher lift coefficients, the 50° con- 
figuration a t  first and finally  the bo configuration had the  lowest 
drag. The rearward movement of neutral p i n t  dbtained by increasing 
the sweepback angle frdm 40' t o  &lo (together  with a mall translation 
of the wing of about 3 percent M.A:C.) v k i e d  f r a m  about 9 t o  18 percent 
mean aerodynamic chord,  depending on lift coefficient" The variation 
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of lift-curve  slope dCL/da decreased  linearly with increase  in sweep- 
. back angle from a value of 0 .O72 a t  bo t o  a value of 0.058 a t  60°. 

INTRODUCTION 

As W r t  of a pogram t o  determine the aerodynamic character is t ics  
of the proposed Bell X-5 airplane  incorporating a wing the angle of 
sweep of which can be var ied   in   f l igh t ,  an investigation i s  being made 
a t  low supersonic s p e d  by the NACA wing-flow method on a -- scale 
semispan model. Results of t e s t s  t o  determine the longitudinal  charac- 
t e r i s t i c s  of this model with the wing swept back 60' have been repoyted 
i n  reference 1. For the present   tes ts  measurements were made of normal 
force,  chord  force, and p i t ch ing   mmnt  of the selgispan model for a 
ta i l  incidence of - 6 O  xi th  the wing swept back 50 and kOo referred t o  
the 25-percent-chord line.  Similar  masurements were also made of the 
f'uselage alone. The effect ive Mach nuiber  over  the wings of the model 
for  the tests was about 1.24 and tbe Reynolds number wa8 of the order 
of 1 x 10 . 6 

30 

I n  the in t e re s t  of making these data available as soon 8s possible, 
they  are  presented with only a limited 'analysis. 

V 

P 

9 

S 

a 

A 

L 

velocity,   feet   per second 

mass dengity, slugs per cubic  foot 

effect ive dynamic pressure, pounds per square foot 

model wing area, semispan (includes  area in fuselage 
between perpendiculars from wing-fuselage intersection 
t o  plane of symmetry), square f e e t  

angle of a t tack  of fuselage, degrees 

sweepback angle  referred  to  25-percent-chord  line,  degrees 

l i f t   force  ( resul tant   force  perpendicular  t o  stream velocity),  
pounds 

c 
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D - 
M 

CL 

cm 
- 
C 

drag  force  (resatant  force parallel to stream velocity), 
pounds 

mean aeroaynsmic  chord of wing, based on the relationship 

JF c2w 
wbre  b is  wing span, c is local chord, 

c ay 

and y is  spanwiae coordinate,  inchea 

mean aerodynamic  chord of tail, inches 

local Mach  number Over wing surface of F-51D airplane 

effective Mach  number over wing of model 

M t  effective Mach nmfber Over 'tail of model 

i.t tail incidence,  degrees 

R -  Reynolds rider baaed on mean aeroaynamic chord C 

d C L / F  variation of lift uith angle of attack,  per degree 

dc,/dC, v a r h t i o n  of pitching moment with lift 
dC&cc 

adh 
Prime indicates  coefficients  based on dimensions of configuration w i t h  60' sweptback wing. 

i 

.A 
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APPARATUS AND TESTS 

NACA RM L50128 

The t e s t s  were made by the NACA wing-flow method i n  which the 
model is mounted i n  the region of high-speed  flow  over the wing of an 
F-51D airplane. The contour of the airplane wing in   the  tes t   region 
for  the  present  investigation m a  designed t o  give a uniform  velocity 
f i e l d  a t  Mach numbers near 1.25 a t  a f l i g h t  Mach  number of about  0.71. 

The configurations  tested and reported  herein  consisted of the 

"scale semispan model of  the B e l l  X-5 airplane equipped successively 1 
30 
with wingb of 40' and 50' sweepback angles  referred  to the 25-percenb 
chord l ine .  For the present  investigation, the horizontal t a i l  inci-  
dence was -6O. A t e s t  WBS a l so  made for the  fuselage  alone. 

A photograph of the semispan model equipped w i t h  end p la te  is 
shown in   f igure  I; photographs of the model equipped wi th  wings swept 
back bo and 50' are  shown in   f igures  2 and 3, respectively. The 
geometric character is t ics  of the model, wings, and  horizontal tall 
surface are given  in  table I; other details of the model a re  shown 
i n  figure 4. The fuselage of the model was constructed of mahogany, 
whereas dural was used for  tk w i n g s  and ta i l  surfaces. A duct was 
Included in   t he   fu se l age   t o  simulate t o  some extent  the air intake 
and flow  through the je t  engine of the full-scale  airplane.  The 
airfoi l   sect ion  perpendicular   to   the unswept 38-percent-chord l i ne  
(through wing pivot  point of the  ful l -scale   a i rplane)  i s  an NACA 64(101AOll 
at the root  (through pivot point) and t apers   to  NACA 64(,8)A008.6 at  the 
t i p .  The horizontal tail-has an NACA 64A006 a i r f o i l  section parallel t o  
the a i r  stream and is  swept  back 45' along the 25-prcent-chord  line. 
The aspect  ratios of the 50° and bo w i n g 6  are, respectively, 2.98 and 
3.77,  considering the F-51D airplane wing as 8 reflection plane. The 
semispan m o d e l ,  curved t o  conform to   t he  curvature of the wing in   the 
t e s t  region, was mounted close  to  the  airplane wing surface, and the  
shank  of the model, which passed  through a s l o t  i n  the wing, waa attached 
to  a balance. 

The model and  balance were arranged to   o sc i l l a t e  as a unit, and 
the  balance measured the  forces  both normal and parallel t o  the center.- 
l ine   th rus t  of the model a t  a l l  angles of attack. For each t e s t ,  con- 
tinuous measurkments were made of  angle of attack, normal force, chord 
force, and pitching moment as the model was continuously  oscillated 
through an angle-of-attack  range of -4' t o  16O f o r  tbe 50' wing con- 
figuration and -4' t o  12' for the bo wing configuration. The average 
r a t e  of  osc i l la t ion  of the m o d e l  was about 27O per second which corre- 
sponds t o  a r a t e  of rotat ion of approximately 1' per 80 chord  lengths 
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of motion with respe'ct t o   t h e   a i r  stream. This rate of  rotation i s  
believed t o  be sufficiently amall t o  preclude any appreciable  inertia 
effects.  

The  model  was originally  designed and constructed s o  that the 
pitching moment would be measured about  the  25~percent mean-aerodynamic- 
chord position (gross weight center-of-gravity  location of the full" 
scale  airplane) of the wing i n  each sweep position. However, with 
subsequent  changes i n  wing span and f i l le ts ,   the   posi t ions about which * 

the  pitching moments were  meaeured actually correspond t o  the 29-percent 
and the  35-percent mean aerodynamic chords of  the W0 and bo wings, 
respectively. 

A typical chordwise Mach  number distribution  in the test   region 
on the  airplane wing as determined from static-pressure measurements 
at  the wing surface with the model  removed i s  indicated i n  figure 5 .  
From static-pressure measurements made wlth arstatic-pressure  tube 
located a t  various distances above the surface of the test section, 
the  vertical Mach  nuniber gradient was found t o  be 0.009 per inch up 
t o  a distance of 6 inches  abwe  the  surface. The effective dynamic 
pressure a t  the model  wing q, the  effective Mach  nuniber over the 
model wing &, and the effective Mach  number over the model t a i l  Mt 
were determined from an  integration of the Mach rimer distribution 
over the  area covered by the wing and tail of the model, respectively. 
For the chordwise Mach  number distribution shown in  f igure 5 ,  the value 
of M, f o r  both the 50' and 40' wings was between 1.23 and 1.24 and 
Q was the same. A more complete discussion of the method of deter- 
mining the Mach  nuniber and dynamic pressure a t  the model can be found 

. in  reference 2. 

The t e s t s  were made i n  high-speed dives of the F-5U3 airplane. 

The Reynolds numbers w e r e  1 x lo6 25 percent based on E of the 

50° wing and 0.85 X lo6 r6 percent based on E of the k-Oo wing. 

The aerodynamic characteristics  are  presented in figure 6 for  the 
model with the boo sweptback wing,  i n  figure 7 for the model wi th  the 

' W o  wing, and in figure 8 f o r  the  fuselage  alone. The coefficients of 
the 40' and 50' sweptback-wing configurations  are  based on their respec- 
t ive wing dimensions; the coefficients f o r  the  fuselage  alone  are  based 
on the dimensions of the 60' wing  of reference 1. Data are shown for 
both increasing and decreasing  angles of attack. Pitching-moment data 

50° wing because of  limitations  in  the  capacity of the pitching-moment 
element of the  balance. 

* 

4 -  were obtained  only  over part of the  angle-of-attack  range  for the - 
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The curve8 of figures 6 and 7 have been replotted  for comparison 
i n  figure 9. Also shown in  f igure 9 for  ccmipariaon are  the aerodynamic 
character is t ics  of the model with the wing in   t he  60' sweptback posi- 
tion  (reference 1). (Note: Dimensions of 60° wing aze  included i n  
table I of this paper for  convenient  reference.) The pitching-moment- 
coefficient  curves  in  figure 9 have a l l  been  converted to  the  25-percent 
mean-aerodynamic-chord point of each wing. The 25-percent mean aero- 
dynamic chord is the  location of the gross weight center of gravity of 
the  full-scale  airplane. The 25-percent mean-aerodynamic-chord locations 
of each wing correspond to   different   locat ions on the  fuselage. (See 
f ig .  4 . )  

I n  order to   indicate   the  var ia t ion  in   character is t ics  w i t h  sweep, 
as fo r  a variable-sweep  airplane, l i f t ,  drag,  and pitching-moment 
coeff ic ients   for   the 40' 50°, and 60° configurations, a l l  based on 
the dimensions of the 60 6 wing, are  presented i n  figure 10. The 
pitching-moment c o e f f i c i w t s   i n  figure 10 refer t o  the 26-prcent  mean 
aerodynamic  chord of the 60° w i n g .  It should  be  noted that the wing 
of the model translates  approximately 3 percent mean aerodynamic  chord 
a s  the sweep of the wing of' the  model i s  increased from 40' t o  60°. 

The e f fec t  of angle  of sweepback A on the  drag  coefficient a t  
various lift coefficients, on the   ra te  of change of  pitching-moment 
coefficient with l i f t  coefficient dCA - / C I C ~  for  the l i f t  coeffi-  

0 . 2 6 ~  
cients  of 0, 0.2, and 0.4, and on the rate of change of lift coeffi- 
c ient  with angle of a t tack dC da a t  zero l i f t  are shown i n  figure 11. 

The curyes  are  obtained from the  data of figure 10, and the following 
discussion is based on figures 10 and 11. 

LI 

Drag. - - The values of drag presented  are  considered  qualitative 
because  they  include the drag of the end plate and are  subject t o  an 
unknown ef fec t  of the semispan configuration on the drag of the  fuse- 
lage. However, the  variation of drag coefficient w f t h  l i f t  coeffi-  
cient  (see  reference 1) and the  differencea between drag coefficients 
for the  different  configurations  are  believed  to be unaffected  by 
these factors.  As the sweepback angle of the w i n g  was increased from 
bo t o  50°, the drag coe f f i c i en ta t   ze ro  l i f t  of the  semismn model 
decreased from about 0.09 t o  0.08, a reduction of  0.01. With fur ther  
increase i n  sweepback t o  60°, the zero- l i f t  drag coefficient of the 
semispan model was further reduced t o  about 0.076, a decrement of only 
about 0.004. The drag-coefficient  reduction  obtained by increasing the 
sweepback angle from 50' t o  60° was about 40 percent  as much aa  that 
obtained by increasing the sweepback from hOo t o  50°. The drag  coeffi- 
c ient  a t  zero l i f t  of the fuselage  alone was about  0.06  (fig. 10). 
Deducting t h i s  value from the  drag  Coefficient of the complete model 
gave the  drag  coefficient of the wing and tail, plus  wing-fuselage  and 
tail-fuselage  interference. This difference (hereinafter called 

". ~ ." 



wing-tail drag coef fk ien t )  had a value of about 0.016 for  the 60° con- 
figuration and about 0.030 for  the bo configuration. It is thus  seen 
that increasing  the sweepback angle f r a m  4.0' t o  60' reduced the wing- 
t a i l  drag  coefficient a t  zero lift by  about 47 percent. The 60° swept- 
wing configuration had the lowest drag up t o  a l i f t  coefficient of 

.nearly 0.5 a t  which the drag of a l l  configurations was the same. A t  
higher lift coefficienta,  the  lowest drag was obtained at first with 
the 50° configuration arid f ina l ly  for the bo configuration. 

Neutral mint.- The position of the  neutral  point, ehown i n  
figure 11 for  lift coefficients of 0, 0.2, and 0.4 moved rearward 
f r o m  about 9 t o  18 percent mean aerodynamic chord  (depending on lift 
coefficient) as the sweepback angle was increased from bo t o  60'. 
The most forward location of the neutral point (CL = 0) uas at 
45 percent mean aerodynamic chord (bo King) and t e rnaxhum rearward 
location was a t  69 'percent mean aerodynamic chord 460' w i n g ,  CL = 0.4). 

Lift-curve slope. - ,The variation of lif-t;curve  slope d c i / h  a t  
zero l i f t  decreased l inearly with increase i n  sweepback angle from a 
value of 0.072 a t  4oo t o  a value of 0.058 a t  60°. 

Langley Aeronautical  Laboratory 
National Advisory C a r a m i t t e e  f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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TABU I 
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GEOMETRIC CHARACTEXISTICS OF 1 - SCALE SEMISPAN MODEL 30 

OF BELL X-5 VARIABIZ-SWEEP AIRPUBE 

Wing dimensions: 
Section  (root)  perpendicubr t o  unswept c NACA 6k(101AOll 
Section  (tip) 38.58-percent-chord .line of .wing NACA 64(08)A008.6 
Sweepback awl;, deg 
Semispan, in. 
Mean aerodynamic chord, in. 
Chord a t  t ip ,   in .  
Chord a t  plane of symmetry, in. 
Area ( semispan), sq in. 
Aspect r a t i o  
Dihedral (chordal plane) , deg 
Incidence (chordal plane), deg 

Horizontal tai l :  
Section 
Semi span, in. 
Mean aerodynamic chord, in. 
Chord a t  t ip ,  in. 
Chord a t  plane of symmetry, in. 
Area ( semispan) sq in. 
Aspect r a t i o  
Height (above wing chordh, in. 

from o .&- of 6oo swept wing t o  0.?5Etr 

from 0.3% o f  4 0  wept wing to 0.BEt,  
0 . B E  of 50, swept wing to 0 . a E t ,  

w 
5.31 
3.10 
1.84 
4.40 

14.97 
3 -77, 
0 
0 

50 
4.60 
3.20 
1.84 
4.50 
14.20 
2.98 
0 
0 

60 
3.88 
3.44 
1.84 
4.25 

13  79 
2.18 
O* 
0 -  

NACA 64AW6 
1.91 
1.43 
0.72 
1.95 
2.55 
2.86 
0 3 6  

6.83 In. 
-E97 



Figure l..- Side view of semispan wing-flow model' of the Fkll X-5 airplane. 
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Figure 3.- Semlspan w i n g - f l o w  model of the Bell X-5 airplane with wLug 
in TOO meep positloa. 
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Figure 5.- ryPrcal chordwise alstrlbution of Mach number along the surface 
of t e s t  section. Chordwise location of model also shown. 
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Figure 8 ; -  Aerodynamic  characteristics of semispan model of fuselage of 
the Bell X-5 airplane. & = 1.23 (coefficients based on 600 w i n g  

* dimensions) . 
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Figure 9.- Comparison of aemayaamic characteristics of semis& model o f  

the Bell X-5 airplane with wbg in 400 and wo aweptback positions. 
Characteristics of model with w i n g  in 60' position  (reference 1) also 
shown; it = -60; = 1.23. (Coefficients  are based on a€mensione of 
respective w i n g s  .) 
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c Figure 10.- Comprison of aerodynamic  characteristics of semispan model of- 
the B e l l  X-5 airplane with w h g  in kOo, wO, and 60° sweptback positfons. 
(All coefficients  based on dimensions of 60° w i n g . )  

5 = -6'; & = 1.23. Characteristics of fuselage ahne also ~ b m .  
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Figure 11.- Effect of  sweepback angle on the  drag  coefficient a t  various 
l i f t  coefficients,  on the   ra te  of change of pitching-moment coeffi-  
c ient  with l i f t  coefficient and on the rate  of change of l i f t  coeffi- 
c ient  with angle  of attack for   the semispan mdel of the Bell X-5 
airplane.  it = -60; = 1.23. (All coefflcienta based on dimensions 
of the  60' w i n g .  ) 
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